Diatoms are one of the most ecologically successful classes of photosynthetic marine eukaryotes in the contemporary oceans. Over the past 30 million years, they have helped to moderate Earth's climate by absorbing carbon dioxide from the atmosphere, sequestering it via the biological carbon pump and ultimately burying organic carbon in the lithosphere 1 . The proportion of planetary primary production by diatoms in the modern oceans is roughly equivalent to that of terrestrial rainforests 2 . In photosynthesis, the efficient conversion of carbon dioxide into organic matter requires a tight control of the ATP/NADPH ratio which, in other photosynthetic organisms, relies principally on a range of plastid-localized ATP generating processes [3] [4] [5] [6] . Here we show that diatoms regulate ATP/NADPH through extensive energetic exchanges between plastids and mitochondria. This interaction comprises the re-routing of reducing power generated in the plastid towards mitochondria and the import of mitochondrial ATP into the plastid, and is mandatory for optimized carbon fixation and growth. We propose that the process may have contributed to the ecological success of diatoms in the ocean.
In oxygenic photosynthesis, light drives a linear electron flow from water to NADPH by the two photosystems (PS I and PS II), and the generation of an electrochemical proton gradient (or proton motive force, PMF) across the thylakoid membranes, which fuels ATP synthesis by an ATP synthase. Although the ratio of ATP/NADPH generated by linear electron flow is not entirely resolved 7, 8 , it is considered to be insufficient to fuel CO 2 import into the plastid and assimilation by the Calvin cycle 8, 9 . Therefore, to make up the shortfall, additional ATP must be produced by alternative pathways that do not generate NADPH. In Viridiplantae (including green algae and higher plants) these alternative electron pathways have been found in the chloroplast and mostly comprise cyclic electron flow (CEF) around PS I (ref. 3) and/or the water-to-water cycles 10 ; that is, flows of electrons resulting from the oxidation of water at PS II that are re-routed to an oxidase activity. This last group of oxidases include the Mehler reaction at the PS I acceptor side 4, 11, 12 , the activity of the plastoquinone terminal oxidase downstream of PS II (ref. 5) and the oxygenase activity of ribulose 1,5-bisphosphate carboxylase-oxygenase (Rubisco) (photorespiration 6 ). Although genes encoding most components for these processes appear to be present in diatoms [13] [14] [15] , it is currently unknown what mechanisms are used to balance the ATP/NADPH ratio. We therefore investigated this question using the model species Phaeodactylum tricornutum.
The PMF generated across thylakoid membranes comprises an electric field (DY) and a proton gradient (DpH). The DY can be probed in vivo by measuring the electro-chromic shift (ECS), that is the Stark effect, a modification of the absorption spectrum of specific pigments caused by changes in the transmembrane electric field in the plastid 16 . An ECS signal is present in P. tricornutum (Fig. 1a) , and an analysis of the ECS signal relaxation after light exposure (Extended Data Fig. 1 ) reveals that it comprises two components displaying different spectra (Fig. 1a) . One follows a linear dependence on the amplitude of DY whereas the other follows a quadratic relationship (Fig. 1b) . The existence of a 'quadratic ECS' is predicted by theory 16 but has only been observed so far in mutants of green algae with altered pigment composition 17 . The peculiar existence of two different ECS probes in wild-type P. tricornutum cells allows an absolute quantification of the electric field, providing a valuable tool to analyse the PMF in a living cell (see Methods).
We plotted the amplitude of the quadratic versus linear ECS signals during the relaxation of a light-induced PMF and obtained a parabolic function (Fig. 1c, d and Extended Data Fig. 2) . However, the ECS signals did not reach the minimum of the parabola in the dark, but rather remained positive. This indicates that a PMF is maintained across the thylakoid membrane of diatoms in the dark (DY d , Fig. 1c ). The field DY d can not only be dissipated by addition of an uncoupler (carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone (FCCP)), but also by blocking mitochondrial electron transport by anaerobiosis or addition of antimycin A (AA) plus salicylhydroxamic acid (SHAM). The combination of these two inhibitors blocks both the cyanide-sensitive (complex III) and the cyanide-insensitive (alternative oxidase, AOX) respiratory pathways (Fig. 1d) . These results suggest that the residual PMF in the dark is generated in plastids by the chloroplast ATPase by hydrolysis of ATP derived from mitochondria ( Fig. 1e) 
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. Furthermore, the extent of DY d observed in P. tricornutum is larger than that previously reported in green algae 19 , suggesting that the ATP exchange could be more efficient in diatoms.
To evaluate what mechanism regulates ATP/NADPH in the light in P. tricornutum, we first used the linear ECS to probe the CEF capacity (see Methods). CEF turned out to represent only a very low fraction of the maximum electron flow capacity ( Fig. 2a and Extended Data Fig. 3a, c) and was insensitive to changes in the photosynthetic flux (Fig. 2a) . Thus, it appears very unlikely that CEF could regulate ATP/ NADPH fluxes. Next we explored the water-to-water cycle using membrane-inlet mass spectrometry on cells incubated with 18 O 2 . O 2 consumption increased with light, being ,2.5-fold higher at saturating light intensities than in the dark (Extended Data Fig. 3b, d ). We also found that the light-stimulated O 2 consumption was blocked by 3-(3,4-dichlorophenyl)-1,1-dimethyl-urea (DCMU), which inhibits O 2 production by PS II (Extended Data Fig. 3b, d ), indicating that this process is fed by electrons generated by PS II. O 2 consumption increased linearly with O 2 production, in agreement with earlier findings in another diatom species 20 , indicating that a constant proportion (,10%) of the electron flow from photosynthesis is re-routed to an O 2 -consuming pathway, regardless of light intensity (Fig. 2b) .
To test whether the O 2 -consuming pathway occurs in the plastid or relies on mitochondrial activity, we used increasing concentrations of inhibitors to titrate respiration and tested possible consequences on photosynthesis. We reasoned that if respiration consumes reducing equivalents generated in the plastid to generate additional ATP, any mitochondrial dysfunction should negatively impact photosynthesis. Fig. 3a, c) . b, Relationship between oxygen uptake (U 0 ) and gross photosynthesis (E 0 ) as measured by membrane-inlet mass spectrometry (mean 6 s.e.m. from data in Extended Data Fig. 3b, d) . 
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We found that this was indeed the case, as photosynthetic electron transfer rate (ETR PS II ) linearly followed changes in respiration ( Fig. 2c and Extended Data Fig. 4) . We conclude that a partial re-routing of the photosynthetic flow towards mitochondrial respiration rather than CEF optimizes photosynthesis in diatoms, providing commensurate ATP per NADPH at all irradiances (Fig. 2d) .
Photosynthetic activity displayed increasing sensitivity to AOX inhibition with light, suggesting that cyanide-insensitive respiration becomes prominent in high light (Fig. 3a) . This prompted us to generate AOX knockdown cell lines of P. tricornutum. Two independent clones were selected on the basis of reduced AOX protein accumulation ( Fig. 3b ) and decreased activity (measured as the SHAM-sensitive, AA-insensitive component of respiration; Extended Data Fig. 5a ). The AOX contribution, representing ,50% of dark respiration in wildtype cells (Extended Data Fig. 4e ), was decreased two-fold in the two knockdown lines (Extended Data Fig. 5a ). Confocal microscopy confirmed the mitochondrial localization of the targeted gene product (Extended Data Fig. 6a ). The reduced AOX activity in the knockdown lines paralleled a diminished PMF in the dark (DY d , Extended Data Fig. 5b ), despite the fact that overall dark respiration was slightly higher (Extended Data Fig. 5a ). This effect was strongly enhanced by addition of AA (Extended Data Fig. 5b ). The decreased AOX activity also correlated with a decreased photosynthetic capacity, especially under high light intensities (similar to SHAM-treated wild-type cells; Fig. 3a) , and a diminished growth rate (Fig. 3c) , which was exacerbated further by inhibiting complex III using AA (Extended Data Fig. 5c ). The growth and photosynthetic phenotypes were not due to changes in the accumulation of the photosynthetic complexes, for which we detected comparable levels of representative proteins in all cell lines (Fig. 3b) . The only exception was a small decrease in the cytochrome b 6 f content in the knockdown cell lines, which nonetheless did not decrease its overall catalytic turnover (Extended Data Fig. 7 ).
Our working model presented in Fig. 2d predicts that disruption of the plastid-mitochondria interaction in the knockdown cell lines should lead to the accumulation of NADPH and a decreased cellular content of ATP in the light. Indeed, in vivo assessments of the pools of NADPH and ATP in wild-type and knockdown cell lines confirmed an increase in the NADPH/NADP 1 ratio with light intensity RESEARCH LETTER (Fig. 3d and Extended Data Fig. 8a ), accompanied by a net decrease of cellular ATP levels ( Fig. 3e and Extended Data Fig. 8b ), both of which were more drastic in AOX knockdown cells than wild-type cells. These observations confirm that mitochondrial respiration is directly involved in the adjustment of the ATP to NADPH ratio in the plastid.
We then examined the generality of our findings in other diatom species. The similar ECS features (linear and quadratic components) in Thalassiosira pseudonana, Thalassiosira weissflogii, Fragilaria pinnata and Ditylum brightwellii (Fig. 4a) were used to confirm the presence of a PMF in the plastids in the dark at the expense of hydrolysis of ATP supplied by the mitochondria in all cases (Fig. 4b) . Moreover, a negligible contribution of CEF (Extended Data Fig. 9 ) and a significant involvement of mitochondrial respiration to photosynthesis (Extended Data Fig. 10 ) were found in all these species. The involvement of mitochondrial respiration in the optimization of photosynthesis therefore appears to be a general and conserved feature in diatoms.
We conclude that ATP generation sets the rate of photosynthetic carbon assimilation in diatoms, as suggested in other photosynthetic organisms 8 , but that in contrast with the Viridiplantae, optimization of diatom photosynthesis does not rely on plastid-localized processes. Instead, constitutive energetic interactions between diatom mitochondria and plastids ensure the sharing of reducing equivalents and ATP to fuel CO 2 assimilation in the light (Fig. 2d ). While the process we have uncovered has some similarities to the export of reducing equivalents from the plastids towards mitochondria in plants and green algae, the fundamental difference is that in plants and green algae the process serves as a valve to dissipate excess of reducing power 21 , and can only participate in the regulation of the ATP/NADPH ratio when the chloroplast capacity to make extra ATP is genetically disrupted [22] [23] [24] . We propose that the presence of transporters such as the malate shuttle 21 , which are encoded in diatom genomes 13 , as well as the very tight physical interactions observed in diatoms between plastids and mitochondria (Extended Data Fig. 6b ), may make these energetic interactions possible between the two organelles. Because diatom plastids are surrounded by four membranes rather than two as in Viridiplantae
13
, it will be of interest to elucidate the configuration of such transporters, as well as the rationale for the diminished CEF efficiency in diatoms. More generally, the coupling of respiratory and photosynthetic activities in diatoms should be explored in the context of resource utilization in the ocean and as a means to boost the production of useful metabolites for biotechnology.
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. 
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. Cell concentration was determined daily with a Z2 Coulter Counter analyser (Beckman Coulter) to ensure all the experiments were performed with cells in exponential phase. For biophysical measurements, cells were concentrated by centrifugation and resuspended in their growth medium (supplemented with 10% w/v Ficoll to prevent cell sedimentation) and kept in the dark at least 30 min before measurements. Inhibitors. DCMU, 2,5-dibromo-3-methyl-6-isopropyl-p-benzoquinone (DBMIB), FCCP, AA, myxothiazol and SHAM (Sigma-Aldrich) were dissolved in ethanol, whereas hydroxylamine, glucose, glucose oxidase and catalase (Sigma-Aldrich) were dissolved in deionized water. FCCP was used at a very low concentration (8 mM, Fig. 1d ) to allow the disruption of the dark PMF without preventing the light-induced generation of PMF needed to quantify DY d . AA and myxothiazol were used at 5 mM, unless otherwise stated. DCMU was used at a concentration of 15 mM. In every measurement involving hydroxylamine or SHAM, the lowest inhibitor concentration to induce a full inhibition of PS II activity or maximum inhibition of respiration, respectively, was used. The range of concentrations used was 30-100 mM and 0.5-1 mM for hydroxylamine and SHAM, respectively. Anaerobic conditions were obtained through incubation with catalase (1,000 U ml 21 ), glucose (10 mM) and glucose oxidase (20,000 U ml 21 ). AA has been previously described as an inhibitor of cyclic electron flow, affecting the NDH-independent pathway 27 . This potential effect was ruled out in diatoms because no change in cyclic electron flow was noticed upon addition of AA. Consistent with the fact that genes encoding some members of the NDH complex are absent in diatom genomes, this indicates that AA does not affect the NDHindependent CEF pathway in diatoms. AA and myxothiazol were preferred to potassium cyanide to block the cyanide sensitive pathway of respiration because potassium cyanide also affects Rubisco activity 28 , ascorbate peroxidase 29 and Cu/ Zn superoxide dismutase 30 . Deconvolution of linear and quadratic ECS components. To deconvolute the linear and quadratic contributions to the ECS signals, cells were left for an hour in the cuvette to reach complete anaerobiosis. In these conditions, the ATP synthase activity is slowed down 31 , and long-living ECS signals are no longer contaminated with other light-induced absorption changes (principally associated with c-type cytochromes). Light stimulation of cells was achieved with a series of six laser single-turnover (duration ,7 ns) saturating flashes, provided by a laser dye (LDS 698) pumped by a frequency doubled Nd-YAG laser (Quantel). We considered that the relaxation of the electric field generated by the light stimulus is described by the exponential function DY 5 DY 0 exp(2t/t), where t is time, DY 0 is the initial electric field generated by the light, and t is the electric-field decay lifetime. The linear and quadratic components of the ECS are theoretically proportional to DY and DY 2 , respectively. Therefore, the DI/I spectro-temporal matrices (from 460 to 600 nm) can be described by a sum of two exponentials: y(l,t)~A(l) exp ({t=t)zB(l) exp (({2t=t))zC(l). The kinetics of ECS relaxation were fitted by a global routine, which considers the lifetime t as a global (wavelength-independent) variable, and the amplitudes of linear and quadratic components (A and B, respectively) as local (wavelength-dependent) variables. A non-decaying component (C) was also included in the fit to account for a small fraction of residual signal at long delay times. The plot of the A and B amplitudes as a function of the wavelength provides the decay associated spectra of the linear and quadratic contributions to the ECS signal, respectively, which are shown in Fig. 1a . The fit was performed with homemade software, which used the MINUIT package, developed and distributed by CERN (Geneva, Switzerland) and implemented in FORTRAN77. It minimizes the reduced sum of squared residues between the model function and the experimental data, employing a two-step protocol involving an initial search that utilizes the Simplex method (Nelder-Mead algorithm) and a refined search using the Levenberg-Marquardt algorithm as described in ref. 32 . The quality of the fit description was judged on the basis of reduced sum of squared residues statistics, visual inspection of the fit residuals, residuals autocorrelation and stability of the solutions upon random perturbation of the best-fit. The deconvolution was performed on two independent biological samples, giving similar results.
Measurements of c-type cytochromes and linear and quadratic ECS.
Absorption difference signals were measured at different wavelengths with a Joliot-type spectrophotometer (JTS-10, Biologic), equipped with a white probing LED and the appropriate interference filters (3-8 nm bandwidth). For DY d measurements, the PMF was increased using an ,10 ms pulse of saturating (4,500 mmol quanta m 22 s
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) red light (see Extended Data Fig. 3 for representative ECS kinetics). For P. tricornutum, ECS signals were evaluated using three wavelengths, to eliminate contribution from c-type cytochromes (see Extended Data Fig. 2) (Fig. 1c) . The presence of linear and quadratic ECS components allows measurement of the absolute value of DY in the dark (DY d ). Indeed the amplitude of the linear ECS response (ecs lin ) observed upon a light stimulus increasing DY is constant, namely independent of the value of the field preexisting the illumination (DY d ). Conversely, the amplitude of the quadratic ECS response (ecs quad ) is a function of the value of DY d . Therefore, plotting the amplitude of the ecs quad versus ecs lin allows quantification of the absolute value of the electric field in the dark (DY d ).
Cyt b 6 f turnover was measured through the slow phase (phase b 31 ) of the linear ECS, which reflects b 6 f-catalysed charge transfer across the membranes, and through the reduction rate of the c-type cytochromes (c 6 /f), using the three-wavelengths deconvolution procedure described above. Measurements were performed after a saturating laser flash. Measurements of photosynthetic flows. For calculation of the TEF (the sum of linear and cyclic electron flows) and CEF capacities, we measured the photochemical rates in the absence and presence, respectively, of DCMU. In brief, under steady-state illumination conditions, the ECS signal results from concomitant transmembrane potential generation by PS II, the cytochrome b 6 f complex and PS I, and from transmembrane potential dissipation by the plastid ATP synthase. When light is switched off, PS activities stop immediately, while ATP synthase and cytochrome b 6 f complex activities remain (transiently) unchanged. Therefore, the difference between the slopes of the linear ECS signal (ECS lin ) measured in the light and after the light is switched off (S D 2 S L ) is proportional to the rate of PS I and PS II photochemistry (that is, to the rate of 'total' electron flow, Extended Data Fig. 3a) . Because the linear ECS has been normalized to the amplitude of the linear ECS signal induced by a saturating laser flash 34 (see above), the difference of slopes evaluates the number of charge separations per photosystem and per second. The rate of CEF can be evaluated using the same approach under conditions where PS II activity is inhibited by DCMU, and dividing this slope by the linear ECS signal induced by a saturating laser flash in the presence of PS II inhibitors (one charge separation per PS I (ref. 34) ). This was done using saturating concentrations of DCMU, which block PS II oxidation, and of hydroxylamine, to avoid charge recombination within PS II. Fluorescence-based measurements. Fluorescence-based photosynthetic parameters were measured with a fluorescence imaging setup described in ref. 35 . Photosynthetic electron transfer rate ETR PS II and NPQ were calculated, respectively, as I(F m 9 2 F)/F m 9 and (F m 2 F m 9)/F m 9, where F and F m 9 are the steady-state and maximum fluorescence intensities in light-acclimated cells (respectively), F m is the maximal fluorescence intensity in dark-adapted cells, and I is the light irradiance in mmol quanta m 22 s 21 (refs 36, 37). In Fig. 2c and Extended Data Fig. 4a, d , the light irradiance is 30 mmol quanta m 22 s
. The light saturation curves of ETR PS II were fitted with the exponential rise function RESEARCH LETTER P 5 P max (1 2 exp(E/E k )), where P max is the maximal photosynthetic electron transport rate and E k is the optimal light. DETR/ETR (Fig. 3a) was calculated as (ETR ref 2 ETR) 3 100/ETR ref , the reference being the value measured in wild-type cells in untreated conditions. Membrane-inlet mass spectrometry measurements. Samples were introduced in a 3 ml thermostated cuvette, which was connected to a Quadrupole Mass Spectrometer (QMS 200, Pfeiffer Vacuum Prisma) by a stainless steel vacuum tube (0.125 inches) passing through a water trap filled with ethanol and dry ice. The sample was separated from the tube via a gas-permeable inlet system (polytetrafluoroethylene (PTFE) membrane). and argon (m/z 5 40) were performed after the cuvette was sealed. A blue lightemitting diode (LED) source was connected to the cuvette, and the light irradiance was manually adjustable in the 0 to ,800 mmol quanta m 22 s 21 range. The temperature was kept at 19 6 1 uC in the cuvette during the experiment.
To calculate gross O 2 production (E 0 ) and uptake (U 0 ), respectively production and consumption by the cells, we adapted the equations from ref. 38 :
where k is the rate constant of O 2 decrease measured in the absence of algae. We normalized O 2 to Argon (a biologically inert gas with very similar solubility properties), which decreases the sensitivity of O 2 measurements to fluctuations by ,80% (ref. 39 ). The gas concentrations were calibrated by measuring the airequilibrated O 2 concentration (stirring deionized water in the open cuvette for at least 5 h) and background O 2 (bubbling with N 2 ).
Respiration rates. Respiration rates were measured as O 2 exchange rates using a Clark-type oxygen electrode at 19 uC (Hansatech Instruments). AOX capacity was measured as SHAM-sensitive respiration in conditions where the cyanide-sensitive pathway was inhibited beforehand (AA, 5 mM). ATP/NADPH in vivo measurements. NADP 1 /NADPH redox changes were followed in living cells using a Dual-PAM (Walz). NADPH fluorescence was measured at 460 nm, upon excitation in the near ultraviolet. Chlorophyll a concentration was ,5 mg ml
. ATP content was measured using an in vivo 31 P-AMX 400 NMR spectrometer equipped with a 25-mm multinuclear probe tuned at 161.9 MHz, and a homemade lighting system, as described in ref. 40 . The relative ATP content was estimated in vivo from the surface of a-, b-and c-phosphorus resonance peaks corresponding to the three phosphates of NTPs, which dominate the NMR spectra with inorganic phosphate and polyphosphates 41 . Western blots and immunolocalization. Protein samples (5-10 mg) were loaded on 13% SDS-polyacrylamide gel electrophoresis (PAGE) gels and blotted to nitrocellulose. Primary AOX antibody was custom designed (Sdix, 1:4,000 dilution). All other antisera used were obtained from Agrisera (http://www.agrisera.com/en/ info/catalog.html). The blots were developed with ECL detection reagent and images of the blots were obtained using a CCD (charge-coupled device) imager (Chemidock MP Imaging, Bio-Rad). The results presented in Fig. 3b are representative of a total of five western blots on independent biological samples. Immunolocalization of AOX was generally done as described in ref. 34 . Briefly, cells were fixed with 2% formaldehyde in culture media for 20 min, washed three times with marine phosphate buffer (mPBS, see ref. 42 ) and permeabilized by 1% Triton X-100 in mPBS for 10 min. The cells were washed again, blocked for 30 min in 1% BSA in mPBS, and incubated overnight at room temperature (25 uC) with anti-AOX antibody from rabbit (custom design, Sdix, 1:200 dilution in mPBS). The cells were then rinsed with mPBS and incubated with donkey Alexa 488-conjugated anti-rabbit IgG antibody (Life Technologies, at 1:100 dilution in mPBS) for 2 h at room temperature. Cells were then stained with 0.5 mg ml 21 DAPI (49,69-diamidino-2-phenylindole, Life Technologies) for 10 min and mounted with Vectashield (Vector Laboratories) after a rinse. Finally the cells were observed using a Leica SP5 confocal microscope (Leica Microsystems). Electron microscopy. For transmission electron microscopy, P. tricornutum cells were fixed in 0.1 M cacodylate buffer (Sigma-Aldrich), pH 7.4, containing 2.5% glutaraldehyde (TAAB), 2% formaldehyde (Polysciences) for 1 h at room temperature and then prepared according to a modified protocol from T. J. Deerinck et al. (http://ncmir.ucsd.edu/sbfsem-protocol.pdf). After the dehydration steps, the cells were infiltrated with ethanol/Epon resin mixture (2/3-1/3 for 1 h and 1/3-2/3 for 1 h) and finally embedded in Epon in a 60 uC oven for 48 h or longer. Ultrathin sections (60 nm) were prepared with a diamond knife on an UC6 Leica ultramicrotome and collected on 200 mM mesh nickel grids before examining on a JEOL 1200 EX electron microscope. AOX knockdown lines. Partial coding sequence of AOX (identity Phatr2_ bd1075) was amplified using primers AOXcFwd (TGCTCCGGAGGACAAT GAATTCGC) and AOXcRev (TGGTCTAGACGTCGCGATGTTC), cut by EcoRI/XbaI (Fermentas) and cloned into an EcoRI/XbaI-digested antisense construct 43 , under control of the FcpB promoter. The AOX antisense construct was introduced into wild-type P. tricornutum cells using the standard microparticle bombardment procedure with a PDS-1000/He Particle Delivery System (Bio-Rad) 43, 44 . After 2 days, cells were transferred to F/2-supplemented-filtered seawater plates containing 100 mg ml 21 phleomycin, a selective antibiotic for the Sh ble gene (InvivoGen, 09K30-MM). Putative antisense lines were verified for the presence of the transformed DNA by PCR screening using the primers ShbleFwd (ACCAGTGCCGTTCCGGTG) and ShbleRev (TCGGTCAGTCCTGCTCCTC), and the most strongly silenced lines were chosen on the basis of reduction of AOX protein levels as measured by SDS-PAGE western blot with an anti-AOX antibody (see section on western blots and immunolocalization).
Extended Data Figure 1 | Deconvolution of the quadratic and linear ECS in P. tricornutum. a, Absorption difference (DI/I) kinetics followed at different wavelengths in P. tricornutum, after a series of six saturating laser flashes, in anaerobic conditions. Solid lines correspond to the global fit of the experimental data with a sum of two exponential decays, with time constants t and 2t, respectively, as expected for linear and quadratic dependencies (see Methods). b, DI/I spectra are shown at different times during ECS relaxation. All spectra were normalized to 1 at 520 nm for better comparison. The observation that the blue and green parts of the spectrum are homothetic during relaxation, while changes are seen in the red most part of it, reflects the presence of the two ECS components, having different relaxation kinetics. LETTER RESEARCH
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